Percutaneous balloon dilatation of the mitral valve is a promising new approach to the management of rheumatic mitral stenosis.1w But at this early stage little is known about the criteria for patient selection or the mechanism by which balloon dilatation increases mitral valve area. Previous experience with closed surgical commissurotomy suggests that mitral valve pliability and the degree of leaflet thickening have an important effect on subsequent outcome.'"" Because cross sectional echocardiography shows the structure of the mitral apparatus, the severity of the stenotic lesion, and changes in chamber size"617 it should provide information that will predict the likely outcome of balloon dilatation.
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Patients and methods
We studied the first 22 24 February 1988 of the mitral valve at the Massachusetts General Hospital. They were aged from 21 to 88 years (mean 56-6). All patients had a diagnosis ofrheumatic mitral stenosis on the basis of history and clinical examination.
To identify features that might predict the result of balloon dilatation we analysed 18 variables assessed at the clinical, echocardiographic, and haemodynamic examinations performed before the procedure. The clinical variables included cardiac rhythm, New York Heart Association functional class, age, and sex. From the echocardiogram we assessed structural features of the mitral valve and subvalvar apparatus, including the initial mitral valve area (by planimetry), initial left atrial size, and the pre-valvotomy grade of mitral regurgitation (by Doppler echocardiography). The haemodynamic features measured at catheterisation before balloon dilatation included mitral valve area, transmitral pressure difference, cardiac output, pulmonary vascular resistance, and left ventricular end diastolic pressure. The degree of mitral calcification was also assessed by radiology. F  SR   IV  III  III  III  III  III  II  III  IV  III  IV  III  IV  III  IV  III  IV  III  IV  III  III  IV   0- 20  12  9  15  18  9  30  28  22  25  15  24  18  20  9  12  17  15  20  25  16  31   4  42  25  50  40  Sub  14  0 5  8  22  19  52  38  Sub  10  1 2  5  15  10  21  18  Opt  6  18  6  15  10  25  20  Opt  9  14  5  25  5  34  14  Opt  7  0 9  5  17  18  31  35  Sub  9  1.0  6  38  10  75  35  Opt  5  1.0  14  32  18  40  25  Sub  9  1.0  2  20  10  48  15  Opt  11  04  5  30  7  40  25  Opt  5  0 SR, sinus rhythm; AF, atrial fibrillation; NYHA, New York Heart Association functional class; MVA-pre and MVA-post, Gorlin mitral valve area before and after balloon dilatation; Grad pre and Grad post, mean transmitral gradient before and after balloon dilatation; Pre LA-P and post LA-P, mean left atrial pressure before and after balloon dilatation; PA pre and PA post, mean pulmonary artery pressure before and after balloon dilatation; MVA-pre and MVApost, echocardiographic mitral valve area before and after balloon dilatation; *total echocardiographic score; tTechnically limited measurements;
$Measurements not performed because of acute haemodynamic deterioration.
CLINICAL FEATURES
were performed within three months. To analyse the Of the 22 patients, 13 were in sinus rhythm and 9 effect of mitral valve structure on the results of were in atrial fibrillation. By the New York Heart dilatation, we scored the echocardiographic study of Association functional class, one (5%) patient was in each patient for: (a) leaflet mobility, (b) leaflet class II, 13 during diastole (figs 1 and 2). Summing the individual scores resulted in a total echocardiographic score. According to this system, a score of 0 would be a totally normal valve (no such valve was included in this series), while a score of 16 would represent an immobile valve with considerable thickening of the leaflets and subvalvar apparatus and severe superimposed calcification. Subvalvar thickening was best displayed by a series of modified views. In the parasternal long axis view, the standard aligned view was tilted medially and laterally so that the long axis of each papillary muscle and its attached chordal apparatus could be examined in turn. From the apical window, the extent of subvalvar shortening and scar was best viewed in a four chamber view with the transducer angled more posteriorly into the left ventricle, or from a foreshortened two chamber view angled medially and laterally.
The left atrial volume was calculated from the echocardiographic images before and after the procedure by an ellipsoid formula, in which the length was taken as the superior-inferior length ofthe atrium in the apical four chamber view and the two diameters used were the anterior-posterior and medial-lateral dimensions measured in the parasternal long and short axis views respectively (fig 3) . The anterior-posterior diameter (D1, fig 3a) and the superior-inferior length (D3, fig 3c) were measured in the frame obtained immediately before mitral valve opening. The medial-lateral diameter (D2, fig   3b) was measured in a view in which the mitral valve cannot be seen in the frame during which aortic valve closure was completed. Mitral valve area was measured by direct planimetry in the standard manner" 7 before and within 24 hours of the procedure (fig 4) . Technically satisfactory images of the mitral valve orifice suitable for planimetry could not be obtained either before or after the procedure in one patient and after the procedure in another (patients 13 before and after the procedure by the pulsed Doppler technique in order to assess any adverse effect of this variable on outcome.18 Mitral regurgitation was graded on a scale of 1 to 4 + by dividing the atrium into four equal segments along its long axis and constructing an arc centred at the mid-point of the mitral valve that extended from the end of each quadrisecting point to the medial and lateral walls of the atrium. High velocity systolic flow was then graded according to its penetration into these segments. Grade The mean valve area measured by planimetry of the cross sectional echocardiographic short axis images before balloon dilatation was 0 9 (0-46) cm' (range 0-40-1-8 cm'). After dilatation, the mean area increased to 1-7 (0-45) cm' (range 0-81-2-4 cm', p < 0-0001). The individual increases in valve area varied considerably, and ranged from 0-1 to 1-81 cm'.
The mean valve area measured by the catheterisation method (Gorlin equation) before balloon dilatation was 0-8 (0 30) cm' (range 0-41-6 cm'). After balloon dilatation, the mean area increased to 1-76 (0-6) cm' (range 0-82-9 cm', p < 0-0001). Changes in valve area measured by the planimetry method and by the Gorlin equation were strongly correlated (r = 0 9, p < 0-001). Table 1 shows total echocardiographic score for leaflet mobility, leaflet thickening, leaflet calcification, and subvalvar thickening for each patient before balloon dilatation. On a scale of 0 to 16, representing increasing structural deformity, the severity ranged widely from 4 to 16 (mean grade 9 4 (3 1)). In 12 randomly selected cases, the mean interobserver variability for the total echocardiographic score was 0-41 (0X51). The intraobserver variability for the echocardiographic score in the same patients was 0-38 (04).
The mean grade of regurgitation by Doppler was 1-0 (1-2) with a range of 0 to 3. After dilatation, the mean grade ofregurgitation increased to [1] [2] [3] [4] [5] [6] [7] [8] The mean grade of calcification (by fluoroscopy) was 1-4 (1-5) and ranged from grade 0 to 4. Ten patients had no obvious calcification ofthe leaflets by fluoroscopic examination and only one had grade 4 calcification.
The haemodynamic data showed a mean transmitral pressure difference of (6 6) 
ANALYSIS FOR PREDICTORS OF AN OPTIMAL OR SUBOPTIMAL RESULT
There were 11 patients with an optimal result and 11 patients with a suboptimal result (see Methods section for criteria).
Comparison of the mitral valve structure in the groups with optimal and suboptimal outcome showed significant differences in the degrees of valve mobility (mean optimal group 1-8 (0 96) and mean suboptimal group 3-18 (0-75), p < 0-001), valve thickening (mean optimal group 2 1 (0-8) and mean suboptimal group 3-2 (0-6), p < 01001), subvalvar thickening (mean optimal group 1-7 (0-6) and mean suboptimal group 2-5 (0-8), p < 0-01), and valve calcification (mean optimal group 1 8 (0-9) and mean suboptimal group 2-6 (0-8) p < 0 03). The total echocardiographic score was also significantly different in the two groups (mean optimal group 7-36 (2 5) (range 4-11) and suboptimal group 11-5 (2 3) (range 9-16), p < 01001), with an optimal outcome associated with a lower score ( fig 5) . Analysis of the clinical variables showed that the mean New York Heart Association functional class was lower (optimal 3-0 (0-4) and suboptimal (0 5), p = 01005) and the mean fluoroscopic grade of calcification was lower (mean optimal grade 0-5 (1 0) and mean suboptimal grade [2] [3] (1-4), p = 0-003) in 306 the optimal result group. The frequency of sinus rhythm or atrial fibrillation was not significantly different in the groups with optimal and suboptimal outcome, although there was a trend towards a higher occurrence of sinus rhythm in the optimal outcome group (p = 0 08). No difference was found in the sex distribution of the two groups.
For the remaining variables the two outcome groups showed no difference in initial left atrial volume, initial valve area, or the Doppler grade of mitral regurgitation. The effective balloon dilating area used was not different (although there was a trend towards an optimal result with larger effective balloon areas such as those previously reported7). The order in which the patients had their intervention performed was analysed to determine whether a learning curve affected outcome; this showed no difference between the two groups in mean position within the series. No difference was noted between the two groups for the initial transmitral gradient, cardiac output, or pulmonary artery pressure and resistance.
MULTIPLE LOGISTIC REGRESSION ANALYSIS FOR THE MAJOR PREDICTOR(S) OF OUTCOME
When multiple logistic regression analysis was performed with the outcome as the dependent variable (optimal v suboptimal), the total echocardiographic score on its own was found to be the best predictor (multiple x2 = 12-1, p < 0 0001). The fit of the logistic regression was not improved by the addition of any other variable. Figure 5 shows the individual total echocardiographic scores for each patient and the outcome group to which each individual belongs. Although four patients with relatively high scores (that is significant immobility, thickening, and subvalvar thickening) had an optimal result. In general, however, the analysis suggested that a high score was associated with a suboptimal outcome.
ANALYSIS FOR THE MECHANISM OF DILATATION
Careful examination of the short axis echocardiographic images showed that successful balloon dilatation ofthe mitral valve was associated with cleavage along the commissures (fig 6) . This appearance occurred even in those patients who had significantly thickened and calcified valve leaflets, although the degree of cleavage was less. Balloon dilatation in some patients with high total echocardiographic scores seemed to produce extensive commissural splitting, but, despite this, the separation of the leaflets in diastole remained poor. So the orifice area failed to increase relative to the increase in circumference, presumably because the deformed leaflets were unable to assume a more circular shape.
Wilkins, Weyman, Abascal, Block, Palacios Discussion This study shows that the outcome of percutaneous balloon dilatation of the mitral valve is most closely associated with echocardiographic characteristics of mitral valve structure. The mean values for the optimal and suboptimal outcome groups showed that there were significant differences in the degree of leaflet mobility, valvar and subvalvar thickening, and valve calcification between the two groups. For each of these variables, the greater the degree of leaflet deformity, the greater was the likelihood of a suboptimal outcome, and, conversely, valves with a more normal structure tended to be associated with an optimal outcome ( fig 5) . This observation, that the structure of the mitral apparatus is a major determinant of outcome in balloon dilatation of the mitral valve, is consistent with previous experience with surgical valvotomy. As early as 1953, Sellors et This consideration is important, however, because our results suggest that this procedure may be applied to patients with less severe mitral stenosis (larger valve areas) and at an earlier stage in the Percutaneous balloon dilatation of the mitral valve natural history of their disease, when the leaflets are less thickened and more mobile. As this group increases, valve area may also prove to be a predictor of outcome.
Several clinical factors, other than the echocardiographic variables, were also related to an optimal outcome. These factors were the presence of a lower New York Heart Association functional class, and a lower fluoroscopic grade of calcification. The initial haemodynamic variables that we measured (pre-dilatation transmitral gradient, cardiac output, and pulmonary artery pressure and resistance) were not related to immediate outcome in this group of patients. These findings are also consistent with previous surgical results after commissurotomy.""5
A simple comparison of mean values in our study shows that both echocardiographic and clinical factors distinguished between the optimal and suboptimal outcome groups. Since this analysis does not determine the most important variable or combination ofvariables that may predict outcome, a multiple logistic regression analysis was performed to weigh the significance of each of these factors. This approach showed the single most important factor that could be related to outcome was the total echocardiographic score, which expressed the combined assessment of leaflet mobility, valvar and subvalvar thickening, and leaflet calcification. With this score we were able to assess differing degrees of leaflet immobility, deformity, and scarring. All patients with a total echocardiographic score > 11 had a suboptimal result while all those with a score < 9 had an optimal result. The score failed to predict outcome in those with scores of 9 to 11 ( fig 5) . Of the echocardiographic variables, no single factor, such as subvalvar thickening or valvar mobility alone, could be separated from the other structural features as a significant determinant of outcome. Finally, balloon dilatation of the mitral valve seemed reliably to result in splitting of the mitral commissures and not in traumatic avulsion or damage to the leaflet bodies. Since the inflation of a fluid-filled balloon within the confines of a small orifice results in equal pressure being applied to all points on the surface, separation of the valve along the plane of least resistance (that is the commissures) is to be expected (fig 6) .
LIMITATIONS OF THE STUDY
The echocardiographic analysis presented in this report is based on a qualitative assessment of the mitral valve and apparatus. Although a more objective method ofassessment may be desirable, it should be remembered that when surgeons or pathologists are able to handle the mitral valve they still describe any structural deformities in a qualitative manner because there are no accepted objective measures of mobility, thickening, or subvalvar thickening. Indeed it could be argued that because cross sectional echocardiography provides an assessment of these features (particularly mobility) in the beating heart it is better than examination during cardiopulmonary bypass or at necropsy. The simplicity ofthe approach that we have described should make it a practical clinical method of assessing patients before balloon dilatation of the mitral valve.
With a qualitative method there may be differences between observers in the assessment of the degree of mitral mobility, valvar and subvalvar thickening, and valve calcification. None the less, the interobserver and intraobserver variability for experienced observers was acceptably low. The accuracy of the assessment ofstructure also depends on the quality of the echocardiographic images obtained. The pathophysiology of mitral stenosis, with secondary right ventricular and biatrial enlargement, facilitates echocardiographic imaging and visualisation of the mitral valve. Moreover, none of the patients in our series was excluded because we could not adequately assess mitral valve structure by echocardiography. CONCLUSION This study shows that the outcome of percutaneous balloon dilatation of the mitral valve is related to the structure of the mitral valve and the subvalvar apparatus. Simple criteria obtained non-invasively can predict the likelihood of success of the procedure and hence may be used to select suitable patients. Since the 9iost favourable early results were seen in patients with the least advanced valve deformity and scarring, this study implies that the procedure is most successful in this group and should be perfor-
